The aim of the study was to use meconium samples to assess fetal exposure to compounds present in environmental tobacco smoke (ETS). Material and Methods: In order to assess fetal exposure to toxic tobacco smoke compounds, samples of meconium from the offspring of women with different levels of tobacco smoke exposure, and the samples of saliva from the mothers were analyzed. Thiocyanate ion as a biomarker of tobacco smoke exposure, and other ions that are indices of such exposure were determined by means of ion chromatography. Results: The results of ion chromatography analysis of the meconium and maternal saliva samples for the presence of cations and anions (including thiocyanate ion) indicate that the concentration level of specific ions depends on the intensity of environmental tobacco smoke exposure of pregnant women. Conclusions: Based on the results, it can be concluded that meconium samples can be used to determine the substances from tobacco smoke. The results confirm the effect of smoking during pregnancy on the presence and content of substances from tobacco smoke.
INTRODUCTION
Tobacco and various alcoholic beverages are the most frequently consumed products that may have a negative impact on human health [1] . Tobacco smoking is a serious health problem, particularly in the case of pregnant women because there is a chance of negative effects in children exposed to tobacco smoke in utero [2] . A pregnant woman can either be exposed to tobacco smoke components by:
-active smoking (woman is mainly exposed to the mainstream smoke, which is absorbed through her mouth), -or by being a passive smoker (women is exposed to the components of environmental tobacco smoke -ETS) [2] . Women may be exposed via being in the atmosphere of tobacco smoke at home and in the workplace. The law prohibits smoking in public places, but not all workplaces are non-smoking. In this case, when there are no internal regulations, women at childbearing age and during pregnancy are exposed to the harmful substances contained in tobacco smoke [3] . The effects of exposure to tobacco smoke and ETS on the course of pregnancy and delivery include [1] [2] [3] [4] [5] [6] [7] : -Neurodevelopmental and behavioural disturbances in their children. These disturbances are assumed to be due to changes in a child's brain following fetal hypoxia. Carbon monoxide is responsible for this as it raises the blood level of carboxyhaemoglobin, as well as nicotine and other compounds reducing the flow of blood in the foetus. -The thiocyanate ion, a metabolite of cyanide ions, inhibits iodine capture, which may inhibit proper development of the brain and nervous system in infants.
Iodine levels in milk samples collected from women actively smoking during their pregnancies were as much as 52% lower in comparison with the corresponding levels in milk from the non-smoking pregnant women. -Cadmium can accumulate in placental tissue and limit fetal growth. Smoking in mothers-to-be causes thickening of the trophoblastic basement membrane and reduces placental vascularisation. Further consequences of fetal exposure to the toxic compounds in ETS become apparent in a child's later development: hyperactivity, reduced concentration, weak reaction to auditory stimuli in infants in the 1st week of life, lower intelligence at pre-school age. Fetal exposure to nicotine can also lead to addictive behaviours, and thus, to smoking in adult life. -The action of irritants present in ETS may lead to chronic inflammation of child's respiratory tract, which in turn may cause asthma. Epidemiological studies have demonstrated that maternal smoking increases the risk of asthma development already in the 1st year of life. Exposure to one of the tobacco smoke streams leads to the absorption by the pregnant woman's body of IJOMEH 2015;28(6) 957 between ions collected from mothers who smoked during pregnancy. The aim of the study was to use meconium samples collected from newborn babies and saliva collected from their mothers and based on it to assess fetal exposure to components present in tobacco smoke. 
MATERIAL AND METHODS

Reagents
Sample collection and preparation
Meconium samples collected from the infants born to the women with different levels of tobacco exposure were analyzed. A total of 52 women participated in the study consisting in taking meconium from their infants, 34 of them consented to saliva sampling. The samples were collected from the women aged between 25 and 40 years. The women were divided into 3 groups -women nonsmokers, not exposed to harmful substances present in tobacco during pregnancy, women exposed to tobacco components and active women smokers during pregnancy. Table 1 contains information about the number of women belonging to the different groups. The meconium and maternal saliva samples were collected into sterile glass vials from the newborns and their mothers at the Gynecology and Obstetrics Department enzymes, mucopolysacharides, sugars, fats, proteins and metals [15, [17] [18] [19] . The 1st studies on the content of toxic compounds, such as narcotics, in meconium samples were published in 1989 [19] . Further reports dealt, inter alia, with determining caffeine and cotinine in meconium samples by means of high-performance liquid chromatography (HPLC) [17] (caffeine: 10-45 ng/g, cotinine: 20-86 ng/g [19] ). In literature there is no information on the studies of tobacco smoke exposure in pregnant women and their offspring based on biomarkers in the collected samples of biological material. Such biomarkers are nicotine, thiocyanate ion and carboxyhemoglobine [20, 21] . In this work the ion chromatography method for determining thiocyanate in meconium samples collected from the newborns whose mothers were exposed to different tobacco smoke levels, as well as the obtained research results, are presented. Thiocyanate ion has a long halflife time (6 days), which allows to assess fetal exposure to tobacco smoke during pregnancy. The previously conducted studies indicate that the thiocyanate ion can be determined in biological fluids using ion chromatography. It was determined in samples of saliva (concentration range: heavy smokers 0.015-0.847 mg/g, 0.046-0.7 mg/g moderate smokers, passive smokers 0.046-0.277 mg/g) and in samples of semen (concentration range: heavy smokers 0.00004-0.058 mg/g, moderate smokers 0.00008-0.043 mg/g, passive smokers 0.00004-0.028 mg/g) [22, 23] . Moreover, the results on thiocyanate ion determination in the samples of saliva collected from the mothers, Pearson's correlation coefficient values for the relationships between ion concentrations in the samples of meconium and maternal saliva and F-Snedecor and t-students test to ion concentrations in meconium samples are reported. The strongest correlations were present between ions in meconium samples collected from infants whose mothers smoked during pregnancy. Also in saliva samples, the strongest correlations were present research was based on biological material of human origin therefore, it required a permission of Bioethics Committee. Such a permission was obtained on 
Chromatographic conditions
The properly processed samples of meconium and saliva were analyzed by means of the Dionex ICS-3000 ion chromatographer. In order to assess the level of exposure of an infant delivered by the woman exposed to tobacco smoke, the samples of maternal saliva were also analyzed. This allowed to compare concentration levels of the tobacco biomarker, namely thiocyanate ion, in the biological samples collected from the mothers and their offspring. The saliva samples were collected in the morning, before teeth brushing.
The women who consented to meconium sampling from their infants were asked to fill in a questionnaire in order to assess their exposure level to tobacco smoke components as well as dietary habits, which could be an additional source of indicator ions. Information on the habits of the women included in the questionnaire allowed to divide the donors into the following groups: active smokers, non-smokers but exposed to components of ETS (passive smokers) and a group of non-smokers. A flow diagram of the analytical procedure is shown in Figure 1 . The conducted 
Statisctical F-Snedecor and Student's t-test application
In order to compare the results obtained in the analysis of samples collected from the offspring of the women belonging to different groups of donors, 2 tests were carried out -the F-Snedecor test, to compare the standard deviations and the Student's t-test -to compare the mean values and standard deviations. The Student's t-test was used to compare the results obtained in the analysis of the samples collected from the 2 different groups of donors. If the calculated t value is greater than the value of t kr , then the 2 groups differ significantly. If the computed value of the parameter t is less than the t kr , the 2 groups do not differ significantly. If the F value calculated for a given group of samples is greater than the value of the F kr , the results from the analysis of the samples collected from the groups differ significantly in terms of standard deviations. If the calculated meconium sample (thiocyanate peak is marked), is presented in Figure 2 .
Pearson's correlation coeficient
Pearson's correlation coefficient makes it possible to estimate the strength of a linear relationship between 2 variables. In this particular case, the variables are concentrations of specific ions. Based on the value of a correlation coefficient, the relationship between specific ions in the samples can be assessed. A linear relationship is one where an increasing or decreasing variable will cause a corresponding increase or decrease in another variable. The value of Pearson's coefficient is significant when it exceeds 0.5. The higher the coefficient values, the stronger the correlation between the 2 variables. The calculations were performed by the use of the Statistica software package. F value is less than the F kr , the 2 groups do not differ significantly in terms of standard deviations.
RESULTS AND DISCUSSION
Concentrations of selected ions measured in the meconium and maternal saliva samples from the women with different levels of exposure to tobacco smoke components In this study the results of thiocyanate ion determination in the meconium and saliva samples from the mothers with different levels of exposure to tobacco smoke and ETS constituents during pregnancy are presented. Some samples were collected from the newborn infants of the mothers who were not exposed to tobacco smoke during pregnancy (18 meconium samples). The level of thiocyanate ions, which is a well-known biomarker of tobacco smoke and ETS components was higher in the samples collected from the newborns whose mothers were smoking during pregnancy or were exposed to ETS constituents. In literature there is no data about determination of thiocyanate ions in meconium samples. In this type of samples only determination of nicotine and its metabolites (like nicotine, cotinine, caffeine) has been carried out [17, 24, 25] . The present study is the 1st study on the possibility of using a biomarker -thiocyanate ions, in the assessment of exposure of newborns whose mothers were active smokers or passive smokers. Thiocyanate ion concentration, used as a biomarker of tobacco smoke exposure, was the highest in the meconium samples of the newborns whose mothers were smoking during pregnancy, and who were exposed to tobacco smoke constituents. The mean thiocyanate ion concentration in the smoking women was higher as compared to the passive female smokers, and higher than in the women who did not smoke and were not exposed to passive smoking. Data on the range of concentration values of specific ions measured in the meconium samples are presented in Table 3 , and in the saliva samples in Table 4 . Information on the concentration levels compared to the one reported in the passive smokers and non-smokers (Table 3 and 4) . The results of other studies conducted by our scientific center show that thiocyanate ions concentration determined in the samples of placenta and breast milk range from the limit of detection (LOD)-0.5696 mg/g and < LOD-0.1101 mg/g, respectively.
Results of ion chromatography analysis of the meconium and maternal saliva samples for the presence of of thiocyanate ions determined in the meconium and saliva samples is shown in Figure 3 and 4. Based on the obtained results, the highest mean thiocyanate ion concentrations were observed in the women who were active smokers. The mean concentration of this ion in the smoking women was over 2 times higher as . This means that as the concentration of thiocyanate ion increases so do the concentrations of the other aforementioned ions. In the group of infants whose mothers were passive smokers or did not smoke during pregnancy, the following correlations, as based on Pearson conium samples collected from the infants of the smoking mothers and passive smokers were higher than those from the newborns of the non-smoking and not exposed to ETS women. In the case of SO 4 2-ions, a concentration decrease was observed ( Table 5 ). The results of ion determination in the properly processed samples of maternal saliva showed that the concentrations of SCN -and Na + ions were higher in the smoking mothers and passive smokers as compared to the non-smoking and not exposed to ETS women (Table 5) .
Relationships between the concentrations of specific ions measured in the analyzed meconium and maternal saliva samples (Pearson's correlation coefficients)
The obtained values of Pearson's correlation coefficient indicate that the strongest correlations were present between 
"++" -a significantly higher concentration as compared to the non-smokers group. "+" -higher concentration as compared to the non-smokers group. "--" -a significantly lower concentration as compared to the non-smokers group. "-" -lower concentration as compared to the non-smokers group. 0 -no significant change in concentration as compared to the control group. 
CONCLUSIONS
The conducted analyses confirm the hypothesis that thiocyanate ion is a suitable biomarker of tobacco smoke exposure. The highest concentration of this ion was measured in the meconium samples collected from the infants whose mothers were smoking during pregnancy and in the samples of saliva collected from the smoking women. In this particular case, the concentrations were 2 and 3 times higher than those determined in the samples collected from the mothers who were passive smokers or were not exposed to tobacco smoke at all. Moreover, the concentration of tiocyanate ions. Most of correlations between the ions occurred in the non-smokers group, which means that ions interacted with one another.
Statisctical F-Snedecor and Student's t-test
The results of the calculations are presented in Table 12 .
Based on the F-Snedecor and Student's t-test, it was observed that concentrations of SCN − were statistically significantly different in the group of smokers -the active smoking person and non-smoking person, and in the group of the passive smokers and non-smoking women. 
